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@ Flicker compensating apparatus for DC arc furnace.

@ A flicker compensating apparatus for compensat-
ing for flickering due to a variation in the reactive
power generated from a DC arc furnace (25) con-
nected by an AC/DC converter (23) to an AC power
system (21), comprises a current detector (32) for
detecting a DC current flowing in the DC arc furnace
(25), a controller (33) for determining the phase
control angle of a thyristor included in the AC/DC
converter (23) in accordance with the difference be-
tween the detected DC current and a predetermined
reference current, a calculator (41) for calculating
reactive power to be generated by the DC arc fur-
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nace (25), from the detected DC current, the deter-
mined phase control angle, and a no-load DC volt-
age, a compensator (46) including a reactive load
(45) connected via a thyristor (44) to the power
system (21), and a controller (42) for controlling the
phase control angle of the thyristor (44) of the com-
pensator (46) in accordance with the calculated reac-
tive power, for controlling a current flowing across
the reactive load (45), and for permitting the com-
pensator (46) to generate such reactive power as to
compensate for a variation in the calculated reactive
power.
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The present invention relates to the improve-
ment of a flicker compensating apparatus for a DC
arc furnace, which reduces the amount of flickering
caused by a variation in load of the DC arc furnace
which melts a raw material to be molten
(hereinafter called "melting stock"), such as iron
scrap, direct reduced iron, and pig iron, using DC
arc discharge.

In general, when the desired current is applied
fo a graphite electrode inserted in an arc furnace,
arc discharge occurs between this electrode and
melting stocks placed in the furnace and melis the
melting stocks. The arc discharge can easily create
a high-temperature environment, has a high energy
density, and has an advantage of easiness in con-
trolling the arc current. In this respect, the arc
discharge is widely utilized in melting of melting
stocks.

Conventionally, a three-phase AC arc furnace
has been used for steel making to melt melling
stocks. However, increased consumption of steel
demands a greater furnace of which productivity
increases in the amount of melting stocks, and the
capacity of the arc furnace has been increased as
needed and many large three-phase AC arc fur-
naces of the capacity above 70 tons are operated.
Accordingly, the unit power capacity tends to be-
come larger, 500 KVA/ton or greater. As a resulf,
the power trouble caused by the arc furnace, so-
called flicker trouble on supply line, is becoming a
major issue. More specifically, in an arc furnace
which melts melting stocks, an arc generally oc-
curs between the graphite electrode and melting
stocks, but as the melting proceeds melting stocks
fall and dislocate due to melt down around the
electrode, the nearest melting stock position and
length change, and so short arc or off arcing often
occurs. This greatly varies the voltage applied fo
the arc furnace and arc current. In an AC arc
furnace, a current flowing through the electrode
becomes zero every half cycle, and so off arcing,
and arc shorting frequently occurs. Then the arc is
very unstable as viewed from the power system
and becomes a significantly fluctuatable load. Such
a load fluctuation changes the voltage of the power
system and also varies the voltage in civil user's
houses connected to the same power system,
which may cause flickering of light.

Researches have been conducted from various
angles to find out what causes the flickering in an
arc furnace, and it was reported that the fluctuating
level of reactive power due to a fluctuation of arc is
an important factor to determine the degree of the
flicker trouble ("Recent improvement in the steal-
making arc furnaces and their power supply",
Technical Report (Part Il). No. 72. (1978. Dec. 16),
The Institute of Electrical Engineers of Japan).
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With the above situations and the results of the
researches considered, recent large AC arc furnace
facilities are often provided with a flicker com-
pensating apparatus as shown in Fig. 1. An AC arc
furnace 3 is connected via a step-down transformer
2 for the furnace to an AC power system 1. The AC
power from the power system 1 is stepped-down to
a predetermined voltage by the fransformer 2, then
supplied to a movable electrode 4 inserted in the
AC arc furnace 3 to generate an arc between the
distal end of the electrode 4 and melting stocks
placed in the furnace 3. The movable electrode 4
can be moved in the vertical direction so that the
distance between its distal end and the melting
stocks can be changed. The generation of the arc
produces reactive power with a delayed phase. The
continuous variation of the reactive power causes a
flicker. In order to prevent an occurrence of the
flicker and to compensate for the variation of the
reactive power caused by the variation of the arc, a
flicker compensating apparatus is provided in the
power system 1 of the AC arc furnace 3.

A main portion of the flicker compensating ap-
paratus comprises a capacitor 11 operating as high
harmonic filter and improving the power factor to
perform such pre-compensation as to cause the
power system 1 to have a predetermined advanced
phase in order to cancel the phase delayed by the
reactive power, and a reactive load 17 for making a
delay angle of the reactive power detected by a
reactive power detector 12 constant. Each phase is
provided with flicker compensator 18 formed of the
capacitor 11 and a series circuit of the step-down
transformer 15, thyristor 16, and reactive load 17.

A control section for the reactive load 17 com-
prises the reactive power detector 12 for detecting
reactive power generated in the power system 1
based on the current and voltage thereof, a phase
angle controller 13 for outputting a phase control
angle instruction signal corresponding to the reac-
tive power detected, a pulse generator 14 for out-
putting a phase control angle signal (pulse signal)
according to this instruction signal, and the series
circuit of the step-down transformer 15 and the
reactive load 17 connected thereto via the thyristor
16 whose phase control angle is controlled by the
pulse signal from the pulse generator 14, the series
circuit connected to the power system 1. Control-
ling the phase angle of the thyristor 16 can control
the current flowing through the reactive load 17.
Consequently, such reactive power as to permit the
power system 1 to always have a constant level of
reactive power can be applied via the thyristor 16
to the power system 1 from the reactive load 17 by
controlling the phase angle of the thyristor 16
based on a change in reactive power of the power
system 1 detected by the detector 12.
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The reactive power produced by the AC arc
furnace 3 is irregular, making it difficult for the
phase angle controller 13 to accurately predict it
and properly control the phase control angle of the
thyristor 16. Accordingly, a control delay of about 5
msec (quarter cycle) occurs even though the reac-
tive power from the power system 1 is detected
and controlled, resulting in insufficient compensa-
tion and undesirable contribution to causing the
flickering in some cases. There is therefore a limit
to the compensation effect of the flicker compen-
sating apparatus for use in the AC arc furnace 3. In
addition, the flicker compensating apparatus does
not contribute so much to production of steel and,
what is more, requires a great amount of facility
expense.

Recent advancing power electronics technol-
ogy, however, enhances the reliability of an AC/DC
converter which converts AC power to DC power,
and at the same time has led to development of
large DC arc furnace employing the AC/DC con-
verter. The DC arc furnace, as compared with the
AC arc furnace 3, has proved to significantly contri-
bute to reduction of the amount of consumption of
the electric power, electrode and refractories, and
reduction of the flickering. This effect of reducing
the flicker occurrence is possible through the con-
stant control of the arc current (DC current at the
time of operation) by the AC/DC converter.

As should be apparent from the general P
(effective power) vs. Q (reactive power) characteris-
tic shown in Fig. 2, the level of the change of
reactive power of a DC arc furnace, AQdc (=
difference between reactive power Qsy. at the time
of short-circuiting and reactive power Qo at the
normal operation time), is approximately half the
level of the change of reactive power of an AC arc
furnace, AQac. Referring to the same diagram, DC
indicates the P-Q characteristic curve of the DC arc
furnace, and AC the P-Q characteristic curve of the
AC arc furnace.

The reactive power Q of the DC arc furnace
can be expressed by the following simple equation:

Q = Eo*ld*sina (1)

where Eo is a no-load DC voltage, Id is an arc
current and a is a phase control angle of a thyristor
included in an AC/DC converter. Of these param-
eters, the no-load DC voltage Eo is specifically
determined by the secondary voltage of the fur-
nace transformer, and the arc current Id is constant
due to a constant current control executed in the
DC arc furnace at the time of operation and its
sudden change is suppressed by the smoothing
effect of the DC reactor. Therefore, an instanta-
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neous change in reactive power is determined by
the arc current Id and phase control angle a, the
latter being a large factor.

The reactive power in the AC arc furnace 3 is
determined by 3°*la?*Xf where la is an arc current
and Xf is the circuit reactance of the furnace.

As should be apparent from the above, the DC
arc furnace and AC arc furnace have different
mechanisms of generating reactive power. The lev-
el of a change in reactive power in the DC arc
furnace can be reduced to a half that in the AC arc
furnace due to the arc current being constant in the
former furnace. However, there still is a case where
the level of the flicker occurrent exceeds the limit,
so that the DC arc furnace also needs a flicker
compensating apparatus.

Conventionally, however, the flicker compen-
sating apparatus for the AC arc furnace as shown
in Fig. 1 is used for the DC arc furnace, and no
specially designed flicker compensating apparatus
for the DC arc furnace has existed. Naturally, there
is about 5 msec of delay occurring in detection and
control of the reactive power in the conventional
flicker compensating apparatus for the DC arc fur-
nace as in that of the AC arc furnace, and it is
particularly difficult to properly cope with the in-
stantaneous change in reactive power, resulting in
insufficient compensating performance.

It is therefore an object of the present invention
to provide a flicker compensating apparatus for a
DC arc furnace, which can properly control the
reactive power of the power system without a delay
with respect to a variation in reactive power gen-
erated in the DC arc furnace to thereby properly
perform the flicker compensating function.

A flicker compensating apparatus for a DC arc
furnace according to the present invention com-
prises a flicker compensator having a reactive load
connected via a switching element to the power
system to which a DC arc furnace is connected via
an AC/DC converter, for applying reactive power to
the power system, a circuit for calculating reactive
power generated by a DC arc furnace using a DC
current flowing in the DC arc furnace and a phase
control angle for controlling the AC/DC converter,
and a pulse generator for controlling the switching
element in accordance with the reactive power
calculated by the calculating circuit to thereby con-
trol the reactive power applied to the power system
by the flicker compensator.

According to the flicker compensating appara-
tus of the present invention, at the time the phase
control angle of a thyristor of the AC/DC converter
connected between the DC arc furnace and the AC
power system is controlled, reactive power that is
generated in the power system by the DC arc
furnace is predicted using this phase control angle
and a DC current flowing in the DC arc furnace,
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and a thyristor of the flicker compensator is con-
trolled on the basis of the predicted value of the
reactive power fo control the phase control angle of
the thyristor of the AC/DC converter and com-
pensate for reactive power generated in the power
system by the DC arc furnace at the same time.
This can permit the reactive power of the power
system to be constant and reduce the flickering.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a block diagram exemplifying a conven-
tional flicker compensating apparatus for an AC
arc furnace;

Fig. 2 is a characteristic chart illustrating the
difference between the reactive power of an AC
arc furnace and that of a DC arc furnace;

Fig. 3 is a block diagram showing the first
embodiment of a flicker compensating apparatus
for a DC arc furnace according to the present
invention; and

Fig. 4 is a block diagram of the second embodi-
ment of the present invention.

Preferred embodiments of the present inven-
tion will now be described with reference to the
accompanying drawings. Fig. 3 shows a block dia-
gram illustrating the structure of the first embodi-
ment. As in a general case of using a DC arc
furnace to melt melting stocks, an AC voltage from
an AC power system 21 is stepped-down to a
predetermined voltage by a furnace transformer 22,
is converted into a DC voltage by an AC/DC con-
verter 23 using a bridge-connected thyristors, is
then smoothed by a DC reactor 24 before being
applied to a DC arc furnace 25.

The control for vertically moving a movable
electrode 27 of the DC arc furnace 25 and the
control of the arc current (DC current at the time of
operation) are performed using the same technique
as employed in the prior art. The former control for
vertical movement of the electrode 27 is realized in
such a way that after melting stocks are placed in
the arc furnace 25, the DC voltage applied between
the movable electrode 27 and an electrode 28 at
the bottom of the furnace 25 is detected by a
voltage detector 29, the detected voltage is com-
pared with a reference voltage set by a voltage
setting unit 30, and a position controller 31 controls
the vertical movement of the movable elecirode 27
in response to the voltage difference between the
detected voltage and the reference voltage. The
latter arc current control is realized in such a man-
ner that an arc current Id at the output side of the
AC/DC converter 23 is detected by a current detec-
tor 32, and the detected current is supplied to a
phase angle controller 33 for the AC/DC converter,
which outputs an instruction signal representing a
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phase control angle « in accordance with the dif-
ference between the detected current Id and a set
current corresponding to a predetermined arc cur-
rent to thereby vary the phase control angle o of
the thyristors included in the AC/DC converter 23
through a pulse generator 34.

The structure of the flicker compensating ap-
paratus, which is the subject matter of the present
invention, will be described below. The compensa-
tion principle of this apparatus is such that reactive
power which occurs at the time of controlling the
phase angle of the converter 23 is predicted based
on the aforementioned equation (1), and reactive
power according to this predicted value is applied
to the power system 21 by a flicker compensator
having a reactive load to make the reactive power
of the power system 21 o be always constant. In
other words, reactive power corresponding to the
difference between the detected reactive power
and the constant reactive power is generated from
the flicker compensator. To work out the principle,
the flicker compensator comprises a detector 35
for detecting an AC voltage V of the power system
21, a converter 36 for multiplying the AC voltage V
by a given coefficient to acquire a no-load DC
voltage Eo, a reactive power calculator 41 for pre-
dicting reactive power of the power system 21
generatable by a change in arc based on the
equation (1) using the no-load DC voltage Eo, the
detected arc current Id from the current detector
32, and the phase control angle a from the phase
angle controller 33, a pulse generator 42 for output-
ting a pulse having a phase angle corresponding to
the output of the calculator 41 in synchronism with
an AC cycle, and a series circuit of a step-down
transformer 43, a thyristor 44, and a reactive load
45, which is connected o the same power system
21 of the DC arc furnace 25 through the thyristor
44 and the transformer 43. The output pulse of the
pulse generator 42 controls the phase control angle
of the thyristor 44 and changes the current flowing
across the reactive load 45. More specifically, the
pulse generator 42 generates a pulse signal to
control the thyristor 44 in such a way as to reduce
the amount of reactive power of the reactive load
45 when the amount of predicted reactive power is
large and to increase the reactive power of the
reactive load 45 when the predicted amount is
small. A variation in reactive power of the power
system 21 generated by a change in arc can be
compensated by the reactive power generated by
the reactive load 45. The flicker compensator fur-
ther comprises capacitors 47 operating as a high
harmonic filter and improving the power factor,
which is connected to the power system 21. A
flicker compensator 46 including this series circuit
and the capacitor 47 is provided for each phase.
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Of the operation of the thus constituted first
embodiment, the flicker compensating operation
will be particularly described below. In general, a
flicker occurs due to a variation in reactive power
generated by a change in load of the DC arc
furnace 25. The reactive power generated in the
DC arc furnace 25 can be approximately expressed
by the aforementioned equation (1). As the no-load
DC voltage Eo is specifically determined by the
secondary voltage of the furnace transformer 22, it
should not necessarily be detected but may be
given in advance as a constant value. Since a
sudden change in arc current Id is suppressed fo
about 1 KA/msec by the DC reactor 24 and the
phase control angle a is the phase control angle of
the AC/DC converter 23 of the DC arc furnace 25,
the amount of generatable reactive power can be
predicted by Eo, Id and « in the case of the DC arc
furnace 25. If such reactive power as to cancel out
the predicted value of the reactive power is gen-
erated by the reactive load 45 of the flicker com-
pensator 46 and is applied to the power system 21,
the reactive power of the power system 21 can be
rendered constant, thus reducing the amount of
flickering occurred.

According to this embodiment, the phase angle
controller 33 controls the phase control angle of the
thyristor of the AC/DC converter 23 using the
phase control angle a acquired on the basis of the
detected arc current Id from the current detector 32
and the set current, thereby controlling the arc
current Id to be constant. At this time, the reactive
power calculator 41 predicts the amount of reactive
power generatable by the DC arc furnace 25,
wherein the phase angle controller 33 controls the
phase control angle of the thyristor of the AC/DC
converter 23, from the equation (1) using the in-
struction signal of the phase control angle a, the
no-load DC voltage Eo, and the arc current Id. By
changing the phase angle of the pulse signal gen-
erated by the pulse generator 42 to control the
phase control angle of the thyristor 44 based on
the predicted reactive power, the current flowing
across the reactive load 45 can be changed fo
permit the desired reactive power to be generated
from the flicker compensator 46 and applied to the
power system 21. In other words, at the time of the
phase control angle of the thyristor of the AC/DC
converter 23 is controlled, the changed amount of
reactive power generated in the DC arc furnace 25
can be applied to the power system 21 by the
flicker compensator 46, thereby ensuring a con-
stant reactive power of the power system 21 and
significantly reducing the flickering.

As described above, the first embodiment can
realize a flicker compensating apparatus for a DC
arc furnace, which can properly control the reactive
power of the power system without a delay in
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response to a variation in reactive power generated
in the DC arc furnace since compensating reactive
power is applied to the power system by the flicker
compensator at the time of controlling the phase
control angle of the AC/DC converter 23, can great-
ly reduce the flicker occurrence compared with the
prior art, and can present the proper flicker com-
pensating performance.

The second embodiment will now be described
referring to Fig. 4. The same reference numerals
as used for the components of the first embodi-
ment are used in Fig. 4 to denote the identical or
corresponding elements in the second embodi-
ment, thus omitting their description. The second
embodiment differs from the first one in additional
provision of a reactive power detector 51 and an
adder/subtracter 52, which sends the difference
between the predicted reactive power from the
reactive power calculator 41 and the reactive power
detected by the detector 51 to the pulse generator
42 for controlling the phase control angle.

According to the second embodiment, there-
fore, the reactive power for flicker compensation is
generated in response to the pulse from the pulse
generator 42 in accordance with the difference
between the reactive power predicted by the reac-
tive power calculator 41 using the equation (1) and
the actual reactive power generated in the power
system 21, not based only on the predicted reac-
tive power. This feature can compensate for a
variation in reactive power more accurately than
the first embodiment.

As described above, the present invention can
provide such a flicker compensating apparatus that,
when the phase control angle of the AC/DC con-
verter connected between the DC arc furnace and
the AC power system is controlled, the reactive
power generatable in the DC arc furnace is pre-
dicted using this phase control angle and the DC
current flowing in the DC arc furnace, the phase
control angle of the thyristor of the flicker com-
pensator is controlled without delay on the basis of
the predicted value. At the same time as the phase
control angle of the AC/DC converter is controlled,
therefore, reactive power for compensating the re-
active power generated by the phase control angle
can be applied to the power system by the flicker
compensator, making the reactive power of the
power system constant and reducing the flicker
occurrence.

The present invention is not limited to the
above particular embodiments, but may be modi-
fied in various manners. For instance, the details of
a DC arc furnace are not limited to those illus-
trated. In addition, since the no-load DC voltage Eo
and arc current Id (at least the no-load DC voltage)
can be considered constant at the time of predict-
ing the reactive power, it is possible to detect only
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the phase control angle and perform the calculation
using it as a variable. Further, for finer control, the
thyristor of the flicker compensator for each phase
may be controlled on the basis of the phase control
angle of the thyristor of each phase of the AC/DC
converter. If the voltage drop due o an impedance
of the transformer and power supply is corrected
by using the equation (1), the accuracy can be
more improved.

Claims

1. A flicker compensating apparatus for a DC arc
furnace (25) connected via AC/DC converting
means (23) to an AC power system (21), com-
prising flicker compensating means (46) for
applying reactive power to the power system
(21) and having, for each phase of the AC
power system, a reactance (45) for controlling
through a switching element (44) a current
supplied to a reactive load (45) and a capacitor
(47) for serving as a high harmonic filter and
improving a power factor, the switching ele-
ment (44) being a thyristor, characterized by
comprising a control circuit for the thyristor
(44) which comprises calculating means for
detecting and calculating an effective value of
reactive power of the DC arc furnace, wherein
said calculating means comprises:

current detecting means (32) for detecting
an instantaneous value of the effective DC
current flowing through the AC/DC converting
means (23);

phase angle control means (33) for control-
ling a phase control angle of the AC/DC con-
verting means (23); and

converting means (36) for obtaining a no-
load DC voltage of the AC/DC converting
means.

2. An apparatus according to claim 1, character-
ized in that said calculating means (41) com-
prises:

means for calculating the reactive power
according to a product of a sin value of the
phase control angle output from said phase
angle control means and the instantaneous val-
ue of the DC current detected by said current
detecting means; and

means for calculating the reactive power
according to a product of a sin value of the
phase control angle output from said phase
angle control means, the instantaneous value
of the DC current detected by said current
detecting means, and the no-load DC voltage
obtained by said converting means.
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10

A flicker compensating apparatus for a DC arc
furnace (25) connected via AC/DC converting
means (23) to an AC power system (21), com-
prising flicker compensating means (46) for
applying reactive power to the power system
(21) and having, for each phase of the AC
power system, a reactance (45) for controlling
through a switching element (44) a current
supplied to a reactive load (45) and a capacitor
(47) for serving as a high harmonic filter and
improving a power factor, the switching ele-
ment (44) being a thyristor, characterized by
comprising a control circuit for the thyristor
(44) which comprises calculating means for
detecting and calculating an effective value of
reactive power of the DC arc furnace, wherein
said calculating means comprises:

first calculating circuit (41) comprising cur-
rent detecting means (32) for detecting an in-
stantaneous value of the effective DC current
flowing through the AC/DC converting means
(23), phase angle control means (33) for con-
trolling a phase control angle of the AC/DC
converting means (23), and converting means
(36) for obtaining a no-load DC voltage of the
AC/DC converting means;

power detecting means (51) for detecting
the reactive power of the power system; and

means (42) for controlling the switching
element (44) based on a difference between
the reactive power calculated by said first cal-
culating circuit (41) and the reactive power
detected by said power detecting means (51).

An apparatus according to claim 3, character-
ized in that said first calculating circuit (41)
comprises:

means for calculating the reactive power
according to a product of a sin value of the
phase control angle output from said phase
angle control means and the instantaneous val-
ue of the DC current detected by said current
detecting means; and

means for calculating the reactive power
according to a product of a sin value of the
phase control angle output from said phase
angle control means, the instantaneous value
of the DC current detected by said current
detecting means, and the no-load DC voltage
obtained by said converting means.

A flicker compensating apparatus for a DC arc
furnace (25) connected via AC/DC converting
means (23) to an AC power system (21), char-
acterized by comprising:

means (41) for calculating reactive power
generated by the DC arc furnace based on a
phase control angle of said AC/DC converting
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means (23); and

means (46) for applying said reactive pow-
er calculated by said calculating means (41) to
said power system (21).

An apparatus according to claim 5, character-
ized in that said applying means (46) includes
a reactance (45) connected to each phase of
said power system (21).

An apparatus according to claim 6, character-
ized in that said applying means (46) further
includes:

a thyristor (44) connected between said
reactance (45) and each phase of said power
system (21); and

means (42) for controlling a phase control
angle of said thyristor (44) in accordance with
said reactive power calculated by said calculat-
ing means (41).

An apparatus according to claim 6, character-
ized by further comprising a capacitor (47)
serving as a high harmonic filter and improving
a power factor, connected to each phase of
said power system (21).

An apparatus according to claim 5, character-
ized in that said calculating means (41) com-
prises:

means (32) for detecting a DC current
flowing through said AC/DC converting means
(23);

phase angle control means (33) for cal-
culating a phase control angle of said AC/DC
converting means (23) based on a difference
between said DC current detected by said
detecting means (32) and a reference current;
and

means (41) for calculating reactive power
according to a product of a sin value of said
phase control angle calculated by said phase
angle control means (33) and said DC current
detected by said detecting means (32).

An apparatus according to claim 5, character-
ized in that said calculating means (41) com-
prises:

means (32) for detecting a DC current
flowing through said AC/DC converting means
(23);

phase angle control means (33) for cal-
culating a phase control angle of said AC/DC
converting means (23) based on a difference
between said DC current detected by said
detecting means (32) and a reference current;

means (36) for detecting a no-load DC
voltage of said power system; and
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12

means (41) for calculating reactive power
according to a product of a sin value of said
phase control angle calculated by said phase
angle control means (33), said DC current de-
tected by said current detecting means (32)
and the no-load DC voltage detected by said
voltage detecting means (36).
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